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INTRODUCTION 
I n s e c t s ,  weeds,  and d i s e a s e s  a r e  h a z a r d s  t o  c rop  p r o d u c t i o n  and 
must be  managed. P l a n t  p r o t e c t i o n  i s  des igned  f o r  r e d u c t i o n  o f  
t h e s e  c r o p  p e s t s ,  i n  o r d e r  t o  p r o v i d e  our  s o c i e t y  w i t h  food ,  f i b e r ,  
o i l s  and o rnamenta l s  w h i l e  p r e s e r v i n g  a  wholesome environment .  P l a n t  
d i s e a s e s  a r e  caused by b a c t e r i a ,  f u n g i ,  nematodes, phanerogams 
( p a r a s i t i c  s e e d  p l a n t s ) ,  mycoplasma, and v i r u s e s ;  v i r u s e s  i n c i t e  
d i s e a s e s  t h a t  l i m i t  p r o d u c t i o n  of t h e  major food c rops  of  t h e  wor ld .  
The p l a n t  v i r u s e s  and mycoplasma i n  most  h o s t  t r a n s l o c a t e  t o  t h e  
growing p o i n t  of  t h e  p l a n t .  V i r u s e s  a r e  o b l i g a t e  p a r a s i t e s  and 
m u l t i p l y  o n l y  i n  l i v i n g  c e l l s .  A few examples a r e :  Maize Dwarf 
Mosaic Vi rus  which causes  l o s s e s  i n  c o r n ,  sorghum, and m i l l e t ;  
Wheat S t r e a k  Mosaic Vi rus  reduces  p r o d u c t i o n  o f  wheat ,  o a t s ,  and 
b a r l e y ;  Bar ley  Yellow Dwarf Vi rus  invades  b a r l e y ,  whea t ,  and o a t s ;  
Sugarcane Mosaic V i r u s  lowers y i e l d  of sugarcane ,  sorghum, and c o r n ;  
Tungro o r  Yellow Orange Leaf V i r u s  i s  one of t h e  most  s e r i o u s  
d i s e a s e s  of  r i c e  i n  A s i a  today  and Hoja Blanca V i r u s  a t t a c k s  r i c e  
h e r e  i n  t h e  w e s t e r n  hemisphere ;  and Coconut L e t h a l  Yellowing has  
d e s t r o y e d  coconut  p l a n t i n g s  i n  Jamaica and F l o r i d a .  D i s e a s e  manage- 
ment programs t o  b e  used e f f e c t i v e l y  i n  i n t e r g r a t e d  sys tems f o r  
c o n t r o l l i n g  a l l  p e s t s  on a  c r o p  w i l l  r e q u i r e  new d i s e a s e  s u r v e y  
t e c h n i q u e s .  
This  r e s e a r c h  was a  c o o p e r a t i v e  e f f o r t  of t h e  Department of  
P l a n t  S c i e n c e s  C o l l e g e  of  A g r i c u l t u r e ,  Remote Sens ing  C e n t e r ,  
Texas A&M U n i v e r s i t y ,  C o l l e g e  S t a t i o n ,  Texas ( suppor ted  by NASA 
Gran t  NsG 239-62)  and NASA/MSC/EOD, Appl ied  P h y s i c s  Branch,  Houston, 
Texas. Va luab le  a s s i s t a n c e  was p rov ided  by D r .  F o r r e s t  H a l l ,  
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p h y s i c i s t ,  Applied P h y s i c s  Branch NASA/MSC/EOD, Houston; M r .  E .  H. 
Krauss ,  s u p e r v i s o r ,  and M r .  J a c k  Hartman, p h o t o s c i e n t i s t ,  Lockheed 
E l e c t r o n i c s ,  I n c .  , Houston Aerospace Sys tems D i v i s i o n  Photo-op t i c a l  
S c i e n c e  S e c t i o n  ,NASA/MSC/HOUS~O~;  and M r .  Wi l l i am Odle ,  Graduate  
A s s i s t a n t ,  Department of  P l a n t  S c i e n c e s ,  Texas A m ' U n i v e r s i t y ,  
C o l l e g e  S t a t i o n ,  Texas.  
V i r u s - h o s t  Model 
S t .  Augus t inegrass  (Stenotaphrum secundatum), t h e  h o s t  of S t .  
Augus t ine  D e c l i n e ,  was s e l e c t e d  a s  a d i s e a s e  model t o  s t u d y  s p e c t r a l  
r e f l e c t a n c e  p r o p e r t i e s  i n  o r d e r  t o  d i f f e r e n t i a t e  h e a l t h y  from i n -  
f e c t e d  g r a s s  by remote s e n s i n g  t e c h n i q u e s .  I n  t h i s  d i s e a s e - h o s t  
combina t ion  t h e  h o s t  was s e l e c t e d  because  i t  i s  1 )  a  monocot, 2 )  
produces  t u r f ,  3 )  p e r e n n i a l  i n  n a t u r e ,  4 )  v e g e t a t i v e l y  p r o p a g a t e d ,  
5 )  g e n e t i c a l l y  s t a b l e ,  6) adap ted  t o  t h e  t e s t  s i t e  environment ,  
7 )  t h e  d i s e a s e  r e a c t i o n  is  a t y p i c a l  mosa ic ,  and 8 )  s u s c e p t i b l e  t o  
mechanical  t r a n s m i s s i o n .  The i n c u b a t i o n  p e r i o d  of t h e  d i s e a s e  is  
21-30 days  t r a n s m i t t e d  m e c h a n i c a l l y ,  and has  a  l i m i t e d  h o s t  r ange  
t h a t  i n c l u d e s  c r a b g r a s s ,  m i l l e t ,  and S t .  A u g u s t i n e g r a s s .  
The exper iment  d i s c u s s e d  h e r e  i s  t h e  m u l t i s p e c t r a l  t o n e  
s i g n a t u r e s  of  t h e  S t .  August ine  D e c l i n e  d i s e a s e d  and h e a l t h y  t a r g e t s .  
Two o b j e c t i v e s  were:  1 )  t o  p r e d i c t  t h e o r e t i c a l  tone  v a l u e s  of 
h e a l t h y  and i n f e c t e d  S t .  Augus t inegrass  on v a r i o u s  f i l m / f i l t e r /  
p o l a r i z a t i o n  combina t ions ,  u s i n g  s p e c t r o m e t r i c  measurements of  l i g h t  
r e f l e c t a n c e ,  f i l m  s e n s i t i v i t y  d a t a ,  and f i l t e r  t r a n s m i t t a n c e  c u r v e s ;  
2)  t o  measure t h e  c o r r e l a t i o n  between t h e o r e t i c a l  t o n e  v a l u e s  and 
a c t u a l  tone  v a l u e s  a s  o b t a i n e d  by d e n s i t o m e t r i c  a n a l y s i s  of pho to  
n e g a t i v e s .  From t h i s  i n f o r m a t i o n  m u l t i s p e c t r a l  tone  s i g n a t u r e s  of 
t h e  h e a l t h y  and i n f e c t e d  S t .  Augus t inegrass  c a n  be  de te rmined ,  and 
optimum f i l m / f i l t e r  combinat ions  t o  b e  used i n  m u l t i s p e c t r a l  
photography c a n  b e  s e l e c t e d .  
PROCEDURE 
P l a n t  m a t e r i a l  f o r  l a b o r a t o r y  and f i e l d  s t u d i e s  employed b o t h  
m e c h a n i c a l l y  i n o c u l a t e d  and n a t u r a l l y  i n f e c t e d  g r a s s  showing v a r y i n g  
l e v e l s  of d i s e a s e  development.  The s p l i t  p l o t  t e c h n i q u e  was used i n  
o u r  f i e l d  t r i a l s  w i t h  t h e  h e a l t h y  c o n t r o l s  and S t .  Augus t ine  D e c l i n e  
d i s e a s e d  g r a s s .  The p l o t  s i z e  was 8  x 8  f t .  r e p l i c a t e d  12 t imes 
( F i g u r e  1 ) .  Mechanical  i n o c u l a t i o n s  were  made i n  t h e  greenhouse  
u s i n g  600 mesh carborundum and phospha te  b u f f e r  pH 7 . 5 ,  . 0 1  M .  
Inoculum was d i s e a s e d  l e a f  t i s s u e  and b u f f e r  a t  a  1:l r a t i o  by 
w e i g h t ,  ground i n  a  m o r t a r  w i t h  1 p e r c e n t  carborundum. Data 
a c q u i s i t i o n  i n c l u d e d :  1 )  measur ing t h e  s p e c t r a l  r e f l e c t a n c e  of  
samples i n  t h e  l a b o r a t o r y ,  u s i n g  t h e  Cary-14 R I  s p e c t r o p h o t o m e t e r ,  
2)  measur ing t h e  s p e c t r a l  r e f l e c t a n c e  of f i e l d  p l o t s ,  u s i n g  f i e l d  
i n s t r u m e n t s  such  a s  t h e  EG&G spec  t ro rad iome  t e r  , 3 )  photograph ing  
l a b o r a t o r y  samples and f i e l d  p l o t s ,  u s i n g  mul t iband  pho tograph ic  
s e n s o r s  w i t h  v a r i o u s  filmlfilter/polarization combina t ions ,  and 
4 )  pe r fo rming  p o l a r i z a t i o n  measurements i n  t h e  l a b o r a t o r y ,  u s i n g  a  
modif ied  Cary-14 R I  spec t rogon iopho tomete r .  
Cary-14 R I  L a b o r a t o r y  Data A c q u i s i t i o n  
The model - 14 R I  spec t ropho tomete r  w a s  employed f g r  a u t o m a t i c o  
r e c o r d i n g  of  s p e c t r a  i n  t h e  wavelength  r e g i o n  of  2,250 A t o  30,000 A 
w i t h  good r e s o l v i n g  power and h i g h  pho tomet r i c  accuracy .  I n t e r c h a n g e -  
a b l e  l i g h t  s o u r c e s  f o r  t h e  i n s t r u m e n t  a r e  a  hydrogen lamp, a  t u n g s t e n  
lamp f o r  t h e  v i s i b l e  r e g i o n ,  and a  t u n g s t e n  lamp f o r  t h e  n e a r - i n f r a r e d  
r e g i o n .  
Samples o f  S t .  Augus t inegrass  p l a n t s  were  i n o c u l a t e d  w i t h  v i r u s  
a t  v a r i o u s  i n t e r v a l s .  These p l a n t s  were  k e p t  under  c o n t r o l l e d  green-  
house  c o n d i t i o n s  a t  Texas A&M U n i v e r s i t y .  Grass  b l a d e s  from t h e s e  
p l a n t s  were  c u t  t o  s i z e  t o  b e  p l a c e d  i n  t h e  sample cup of  t h e  
r e f l e c t o m e t e r .  Var ious  o r i e n t a t i o n s  of t h e  g r a s s  b l a d e s  i n  t h e  
sample cup were  used t o  measure t h e  d i f f u s e  s p e c t r a l  r e f l e c t i o n  
f u n c t i o n  i n  t h e  wavelength  r e g i o n  of 350 t o  900 nm. S i m i l a r  measure- 
ments were made on t h e  h e a l t h y  g r a s s  samples .  The e f f e c t s  of back- 
ground on t h e  samples were a l s o  exp lo red  ( F i g u r e  2 ) .  
S p e c t r a l  r e f l e c t a n c e  c u r v e s  o b t a i n e d  from Cary-14 a r e  shown i n  
F i g u r e s  3 and 4 .  
Mul t iband Photography 
An a r r a y  of  f o u r  Nikon-F cameras was mounted on a  s p e c i a l l y  made 
frame ( F i g u r e  5 ) .  Th i s  frame was t h e n  mounted on a  t ropod s t a n d .  
Each camera was b o r e s i g h t e d  on t h e  t a r g e t .  F i e l d  i r r a d i a n c e  s h u t t e r  
speed c a l i b r a t i o n  and s p e c t r a l  t r a n s m i s s i o n  o f  each l e n s l f i l t e r  
combinat ion were performed.  Three  f i l m l f i l t e r  combinat ions  were 
s e l e c t e d .  Wra t t en  f i l t e r s  4 7 B ,  58 ,  and 25, i n  combina t ion  w i t h  b l a c k  
and w h i t e  plus-X type  f i l m ,  were used i n  t a k i n g  s p e c t r a l  mul t iband  
photographs  of  h e a l  t h y  and i n f e c t e d  S t .  Augus t i n e g r a s s  p l a n t s ,  i n  
d a y l i g h t  a t  v a r i o u s  s u n  a n g l e s  and i n  pho to f lood  l i g h t  under indoor  
l i g h t i n g  cond i t i ons .  Black and whi te  I R ,  co lo r  I R ,  and Ektrachrome 
c o l o r  photographs were a l s o  made. Very good c o r r e l a t i o n  between 
Cary-14 d a t a  and photographic d e n s i t y  was observed. The r e s u l t s  a r e  
shown i n  F igures  6 and 7. 
The Nikon camera a r r a y  was used i n  t h e  multiband photography of 
c o n t r o l  p l o t s  and f i e l d  work. A che r ry  p i cke r  c rane  was used t o  
h o i s t  t h e  equipment 35 t o  45 f t .  above the  ground. 
P o l a r i z a t i o n  S p e c t r a l  Ref lec tance  Measurements 
The p o l a r i z a t i o n  s p e c t r a l  r e f l e c t a n c e  of g ra s s  samples was 
measured us ing  a  modified Cary-14 R I  spectrophotometer w i th  a  Cary 
model 50-400-000 gonioref lec tometer .  The instrument  was modified 
t o  accept  a n  e x t e r n a l l y  mounted RCA C31034D GaInAs photomul t ip l ie r  
tube and FET-preamp. The Cary gonioref lec tometer  employs a  25-cm 
diameter  i n t e g r a t i n g  sphere  wi th  a  t i l t a b l e  sample holder  i n  t h e  
c e n t e r  of t h e  sphere .  The sphere i s  i l luminated  wi th  undispersed 
l i g h t  from a  1,000-W quar tz - iodine  lamp. A 5-cm qua r t z  l ens  mounted 
i n  t he  bottom of t h e  sphere p r o j e c t s  t h e  image of t h e  lamp f i lament  
on t h e  underside of t h e  sample ho lde r .  The measurements of t he  
v e r t i c a l  and h o r i z o n t a l  p o l a r i z a t i o n  components of the  r e f l e c t e d  
l i g h t  was accomplished by p o s i t i o n i n g  two 3-cm a p e r t u r e  Glan-Thompson 
prisms i n  t h e  two sample c e l l  ho lders  l oca t ed  i n  t h e  sample c e l l  
compartment. The r e f l e c t a n c e  d a t a ,  0  pe rcen t ,  10  percent  maximum, 
and 100 pe rcen t  of t h e  two components, were recorded on punched 
paper  t ape ,  us ing  t h e  Datex model CU-702-0 d a t a  logger .  P o l a r i z a t i o n  
s p e c t r a  of h e a l t h y  and in fec t ed  g ra s s  samples were measured and 
recorded on t h e  paper  tape .  This t ape  was fed  i n t o  a  t ime-sharing 
te rmina l  of an XDS Sigma 7 computer. The d a t a  was e d i t e d ,  t r a n s l a t e d ,  
normalized, and reduced t o  g ive  average r e f l e c t a n c e  and percent  
p o l a r i z a t i o n .  P o l a r i z a t i o n  va lues  from +I00 percent  t o  -100 percent  
were p l o t t e d  on an  X-Y recorder  (Figure 5 ) .  Ind iv idua l  perpendicular  
and p a r a l l e l  p o l a r i z a t i o n  components and average values were a l s o  
p l o t t e d .  P o l a r i z i n g  f i l t e r s  i n  conjunct ion  wi th  s p e c t r a l  bandpass 
f i l t e r s  were used on t h e  Nikon camera systems t o  record m u l t i s p e c t r a l  
photographic d a t a .  
Spectroradiometer  Measurements 
The model 5801585 EGG spectroradiometer  system, c o n s i s t i n g  of a  
580-llA i n d i c a t o r  u n i t ,  a  580-208 s e r i e s  d e t e c t o r  head, 585-30 s e r i e s  
beam inpu t  o p t i c s ,  585-11 monochromator housings wi th  proper  g ra t ings  
of the  580-20 s e r i e s ,  and o t h e r  acces so r i e s ,  was used f o r  measuring 
the  s p e c t r a l  r e f l e c t a n c e  power of hea l thy  and in fec t ed  S t .  
Augustinegrass p l o t s  i n  t he  f i e l d .  The inpu t  o p t i c a l  u n i t  mounted 
along wi th  the  monochromator u n i t  and d e t e c t o r  head, on a  t r i pod  
mount, was pointed toward the  t a r g e t .  Monochromator s l i t s  were 
ad jus ted  t o  the  c a l i b r a t e d  s e t t i n g s .  Current  ou tput  of t he  
d e t e c t o r  f o r  each wavelength s e t t i n g  was monitored on the  i n d i c a t o r  
u n i t  and recorded.  P r e f i l t e r s  were used t o  e l imina te  t he  high-order  
i n t e r f e r e n c e .  A s tandard  whi te  r e f e rence  t a r g e t  was placed i n  f r o n t  
of the  sens ing  u n i t ,  and s p e c t r a l  r e f l e c t a n c e  values were measured 
a t  t h e  same l i g h t i n g  cond i t i ons .  The r a t i o s  of c u r r e n t s  of sample 
g ra s s  t o  wh i t e  r e f e rence  a t  a l l  wavelengths were c a l c u l a t e d .  One 
sample of such experimental d a t a  i s  p resented  i n  F igure  8. The 
hemispherical  f l u x  inpu t  rece ived  a t  t h e  ground l e v e l  was measured 
us ing  a n  ISCO radiometer .  These d a t a  were used t o  apply co r r ec t ions  
t o  EGhG d a t a .  
RESULTS AND DISCUSSION 
Spec t r a l  r e f l e c t a n c e  d a t a  from the  Cary-14 R I  spectrophotometer 
showed s p e c t r a l  d i f f e r e n c e s  between hea l thy  and d iseased  p l a n t s .  Ten 
t o  15 percent  d i f f e r ences  were found i n  t he  450 t o  480 nm (b lue)  
reg ion ,  the  550 t o  560 nm (yellow green) reg ion ,  and the  670 t o  680 
nm ( r e d )  reg ion .  Var ia t ions  i n  t he  dominant peak wavelength were 
observed. These d i f f e r ences  were a l s o  observed i n  t h e  f i e l d  d a t a  
taken wi th  the  EGG spec t rora iometer .  P o l a r i z a t i o n  measurements 
i nd ica t ed  major s p e c t r a l  d i f f e r e n c e s  between hea l thy  and in fec t ed  
p l a n t s ;  a s  much a s  34 pe rcen t  d i f f e r e n c e  i n  r e f l e c t a n c e  i n  the  450 
t o  480 nm r eg ion  and 40 percent  d i f f e r e n c e  i n  t h e  670 t o  680 nrn 
reg ion .  Very l i t t l e  d i f f e r e n c e  was observed i n  the  540 t o  550 nm 
reg ion .  
Q u a l i t a t i v e  measurements from photographs of p l a n t s  i n  t he  
b lue  and red reg ions  wi th  p o l a r i z a t i o n  show t h a t  l i g h t  r e f l e c t e d  
from hea l thy  p l a n t s  i s  more s t r o n g l y  po la r i zed  than  t h a t  from 
diseased  p l a n t s .  Photographs taken through the b lue  Wratten 47 
f i l t e r  i n  conjunct ion  wi th  a p o l a r i z e r  show an e x c e l l e n t  
d i f f e r e n t i a t i o n .  A l a r g e  photographic d i f f e r e n c e  a l s o  appears i n  
the  red r eg ion  ( f i l t e r  25 and p o l a r i z e r  combination).  Much smal le r  
d i f f e r e n c e s  were noted i n  the  540 t o  550 m reg ion .  Although the  
i n t e n s i t y  i n  the  near-IR reg ion  (750 t o  1,200 nm) i s  much h igher  
than  the  v i s i b l e  r eg ion  of t he  spectrum, d i f f e r ences  i n  t h e  hea l thy  
and d iseased  p l a n t s '  r e f l e c t a n c e  were q u i t e  smal l .  A maximum of 10 
percent  d i f f e r e n c e  was observed i n  the  s p e c t r a  obtained wi th  the  
Cary-14 R I  spectrophotometer.  Near-IR photographs taken with c o l o r  
I R  and black and wh i t e  I R  f i lms  showed r e l a t i v e l y  small  tone change 
between the  hea l thy  and in fec t ed  grass  p l o t s .  
Black and wh i t e  negat ives  of the  c o n t r o l  p l o t s  taken wi th  r e d ,  
green, and b lue  f i l t e r s  p lus  p o l a r i z e r s  were analyzed us ing  co lo r  
d e n s i t y  contouring and s l i c i n g  techniques.  A multiband TV d i s p l a y  
u n i t  manufactured by the  I I S  Corporat ion was used f o r  t h i s  purpose. 
The r e s u l t s  a r e  shown i n  Figures  9 and 10. Rat io ing  d e n s i t i e s  of 
t he  green r e g i o n  t o  t he  red  reg ion ,  and t h e  green reg ion  t o  t he  
b lue  r eg ion  were attempted us ing  the  I I S  Corporat ion imaging system. 
The r e s u l t s  a r e  shown i n  Figures  11 and 12. There seems t o  be good 
c o r r e l a t i o n  between t h e  l abo ra to ry  r e s u l t s  and f i e l d  d a t a .  The 
hea l thy  g ra s s  c o n s i s t e n t l y  exh ib i t ed  a  darker  image on the  negat ive  
compared t o  t he  d iseased  g ra s s .  
An a n a l y s i s  of r e s u l t s  us ing  abso lu t e  r e f l e c t e d  energy l e v e l s  
w i l l  be made i n  t h e  f u t u r e  work schedule.  Modeling f o r  a i r c r a f t  
ope ra t ion  i s  a l s o  contemplated i n  t h i s  schedule.  With time - 
progress ion  d a t a  a c q u i s i t i o n ,  e f f e c t i v e  p rev i sua l  ana lys i s  pre-  
d i c t i o n  w i l l  be at tempted.  
I n  conclusion,  a  technique has been developed t o  d e t e c t  the  
c h a r a c t e r i s t i c  s p e c t r a l  s i g n a t u r e  of hea l thy  and in fec t ed  S t .  
August inegrass .  I t  i s  poss ib l e  t o  p r e d i c t  t he  coverage of t he  in-  
f ec t ed  a r e a  provided ground t r u t h  coverage shows p o s i t i v e  S t .  
Augustinegrass t u r f .  P o s i t i v e  i d e n t i f i c a t i o n  of hea l thy  and 
d iseased  grass  is  at tempted,  bu t  no at tempt  has been made t o  


































































































































































































































































Figure 9. Color density photo of 12S system photograph of the 
projection screen. (Red filter and polarizer) 
45- 15 
Figure 10. Color density photo of r 2s sys tem photograph of the 
pTojection screen (blue filter and polarizer) (concluded). 
45-17 
Figure 11. Density discrimination between healthy and infected grass. 
(Ratio of green density to red density) 
45- 18 
Figure 12. Density discrimination between healthy and infected grass 
(ratio of gree~ density to blue density) (concluded). 
